WORLD rNTELLECTUAL PROPERTY ORGAMIZATION 
Inieroational Bureau 




PCX 

INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent CUasifiaition ^ t 
COIN 3V543, 33/553, B03C U2» 



Al 



(11) International Publication Numlicr: 
(O) International Publication Date: 



WO 96A2958 

2 May 1996 (02.05.96) 



(21) International Application Number: PCT/n95/00577 

(22) International Filing Date: 20 October 1995 (20.10.95) 



(30) Priority Data: 
944937 



20 October 1994 (20.10.94) 



FI 



(71) Applicant (for ail designated States except US): LABSYS- 

TEMS OY (Fl/FIl; P.O. Box 8. FIN^SSl Helsinki (FI). 

(72) Inventor; and 

(75) Inventor/Applicant (for US anty)i TUUNANEN, Jukka 
(Fl/n]: Koivikkotic 20 C, FIN-00630 Helsinki (FI). 

(74) Agent: BERGGREN OY AB: P.O. Bon 16, FIN-OOtOI 
Helsinki (FI). 



(81) Designated SUtes: CN, FI. J?. NO. RU. US. European patent 
(AT. BE, CH. DE. DK, ES. FR. GB. OR. IE, IT, LU. MC. 
NL. PT. SE). 



With iraernationai search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) TlUe: SEPARATION DEVICIE FOR MICHOPARTICLES INVOLVING A MAGNETIC ROD 
(57) Abstract 

The invention relates to a means for separating magnetic particles ftooi a composition. The means 
comprises an elongated protective cover (1) that comprises a recess (2) extending from the upper end towards 
Che lower end thereof, the recess comprising a movable magnetic rod (4). the proportion of the length of the 
rod to its thickness being at least about 2: 1. The invention can be used in different applications especially 
in the fields of biotechnology, biochemistry, and biomedicine. Cbllecting panicles by using the means Is 
easy and fasL 
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SEPARATION DEVICE FOR NICROPARTICLES INVOLVING A MAGNETIC ROD 
TECHNICAL FIELD 

5 The invention relates to the separation of magnetic particles from a composition. 
The invention can be used in different applications, especially in the fields of 
biotechnology, biochemistry, and biomedicine. 

TECHNICAL BACKGROUND 

10 

Magnetic microparticles are used as a solid phase in various applications to bind 
biomaterial. One advantage of microparticles is the large area of the solid phase and 
short diffusion lengths. The size of microparticles is generally 0.05 - 10 (im and 
they are available in different materials and already activated for many applications. 
15 Magnetic particles can be moved by using a magnet. 

The separation methods of magnetic particles currently used include settling a 
reaction vessel in a magnetic field so that particles are accumulated into a so-called 
pellet at the bottom of the vessel. Thereafter, the liquid which is free from particles 
20 is decanted or removed by aspiration. However, the removing of the liquid from the 
vessel must be carried out very carefully so as not to remove the particles at the 
same time. 

Publication WO-86/06493 proposes a method to be used in immunoassays, in which 
25 magnetic particles and the marked complex adhered to them are separated from a 
liquid by using a magnetic rod and subsequently taken to be measured. The tip of 
the rod comprises a fixed magnet and a removable protective cover to whose outer 
surface the particles adhere. It is preferable to cover the protective cover with 
another cover after the separation and before measuring. After the measurement, the 
30 protective covers arc detached together with the particles and thrown away and new 
covers are taken for a new separation. According to the publication, the magnet can 
also be an electromagnet, whereby the magnetic field can be eliminated when 
desired. 

35 Publication WO-87/05536 proposes a device for separating magnetic particles, 
comprising, on the inside, a rod movable in a vertical boring and a magnet at the 
lower end thereof The device is introduced, with the magnet in the lower position. 
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ot the rod. when the maenet is allowpri inr^ 

d««*ed fro,n .he rod inir,«v "1,^ T""^ 

one liquid in,o '^""'^ ^ 

5 

However, the disclosed separation devices and methods for magnetic particles 
c^ot be apphed ve^. well i„ applications in which panicles m^ be cor«ed 
from a fairly large volume and transferred into an essentially snudler one. 

10 DESCRIPTION OF THE INVENTION 
General Description 

No», , separation n,.A„d .cco«ling to Cl«» 1 has been inventtd. The odKr 
^ Claims present some preferred embodiments of the invention. 

^I^^Z^^fj: "™*'°" "■"Pri'" =l<-"g«=« Protec^ve cover that 
meludes a movable rod compr«mg one rod magnet in the longitudinal direction of 

0 Both the intensit, L the gradiro'^ ^ :^r^"';L'rrr *e 
strongest at the end of the rod and when the m-tl- • • \ . 
na,*^.u, »!. . magnet is m the lower position, the 

P™ K --posmon are accumulated directly on the tip of the cover 

Pamcles can be released from the tip of the cover into a volume which s rnl^y 
tunes smaUer than the original composition. 

> 

The rod magnet is preferably sufficiently loitg so that the upper end of it. dipolc 
-«ys remams rtK,ve dte surtiee of the compound. If particles are u, be collected 
from compound colurm, htghcr th«, the dipole. it must be see. to d,« the particles 
from the upper par, of the column are firs, coUected on the tip so Aa, the u^ end 
of the dipole is constantly above the particles; 

Sb.e the upper end of d,e magnet can b. above the compound, a more effective 
nugne, w,th respec, «, flte volume of Ac comp«md can be used, acclerating and 
facilitating the coUection. * 
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The device according to the invention comprises, in the tip of the protective cover, 
an intensive magnetic field in the direction of the cover. This is especially 
advantageous when particles are collected from a concentration of particles which 
has first been created in some other way. An additional advantage is that a high 
5 retaining strength can be provided directly in the tip from which the adhesion of the 
liquid particularly tends to detach particles when the protective cover is lifted off 
the liquid. 

The tip of the protective cover is preferably provided with a sharp downward 
10 projection. This minimises the amount of liquid remaining in the tip. Typically, the 
tip is shaped like a cone. When transferring particles into veiy small vessels, the tip 
is preferably shaped as a cone with a concave surface. 

When a ferromagnetic arm is used in the magnet, the magnet and the magnetised 
15 arm together function as a long rod magnet. The arm dissolves the gradient of the 
upper pole of the field, whereby the upper pole does not cany out the collection of 
particles. In this way, the long rod magnet can be provided at a low cost. However, 
even with a ferromagnetic arm, it is advantageous to use a relatively long magnet 
(with a length of about 1.S...10 times the thickness). The length of the magnet is 
20 preferably selected so that a maximum internal, permanent field intensity is 
provided for the magnet in question. 

The junction between the magnet and its arm is preferably made so that the arm and 
the magnet come inside one another for a short length. In this way, the fomiation of 
25 strong gradients at the junction, which may possibly collect particles, is avoided. 

The cross-section of the rod magnet can be, e.g., circular or rectangular. The 
circular shape is the best with respect to both manufacture and use. Indeed, the 
rotation of the magnet on its axis, for example, has no effect in this case. In 
30 principle, the rod can be curved to make the moving mechanisms simpler. 

The shape of the protective cover on the rod can vary according to the use. 
Normally, the circular shape is the most advantageous with respect to both 
manufacture and use. In order to increase strength, the cover can be made conical, 
35 which also facilitates the manufacture of the cover by injection moulding. The cover 
is preferably made of polypropylene. 

The invention is best-adapted to be used for particles of about 1-10 ism. 
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Drawings 

5 Fig. I pr^ms . Mp«aHon mems according .„ die invendon 

LXLr -""^ ' ■» "re.e„c «,c co..c.ed p^c>« in-c . 

;^cL^r,:Lr::.'^,rL""^^ - - — « 

Fig. 6 presents the use of the means nf < t . 

into a sa,all amount of liquid * *^ ^^^''^^'^^ P^^^'" 

Examples 

The separation rod according to Fig. I comprises an elongated protective cover 1 

^rc-rL%"— ^^^^^^ 

n-a^ne.. OHppi.g knob 7 U provid^T^' r™ '" " " 

The lower end of the cover is provided with a tan*ri«» ,1. j ^ • 

concave surface. The length of the tip coJcZLT^T^^ ^ ^^^"'^ ' ' 

lower end of the cover. "°'^"^°"«»» proximately to the width of the 

Fig^ 2 presents Ae collection of particles from a test tube where they are dispersed 
m suspension 9. The separation rod is moved in the test tube by sweepfup L 
down, in this way parucles can be collected at the tip to fonn an annuJJs To 

the tip. When paiticles are to be released, the magnet is lifted up. 

Hcig.. or .c .cn. w.c„ u.e .p . ^.^L"::::;:::^^:!;'^:::: 
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rises along the surface of the tip due to surface tension. The edge of the moving 
surface of liquid sweeps the particles off the tip and into the liquid. The detochinent 
can be improved by stirring the rod. Correspondingly^ when the tip is lifted from the 
well, the surface of the liquid moves towards the sharp end of the tip as an integral 
5 film. In this way, the liquid and the particles with it arc completely detached from 
diie tip. 

The particles are preferably detached from the liquid so that they are first 
concentrated into one spot in the vessel from where they are then collected by using 
10 the rod. The concentration can be effected by letting the particles settle by 
gravitation, by ccntrifiiging or by pulling the particles onto the wall of the vessel by 
using a magnetic field. 

Fig. 4 presents the collection of particles from the wall of a test tube on which they 
15 were fu^st pulled, by using a magnet to form a vertical strip 9. By sweeping along 
the strip by the tip of the rod, the particles can be made to adhere to the tip of the 
protective cover 1 of the rod to form mass 10. Here the tip of protective cover 1 is 
shaped like a relatively blunt cone. This is well-adapted for transferring particles 
into vessels where the tip can be pushed properly into the liquid. 

20 

The proportion of the length of magnet 5 to the diameter is about 10:1, and the 
proportion of the length of the arm to the lengtfi of the magnet is about 5:1. The arm 
is slightly wider than the magnet and the upper end of the magnet is embedded 
inside the lower end of the arm at a length of about twice its diameter. 

25 

Figs. 5 and 6 present a separation device including a magnetic rod 4* which 
comprises only a permanent magnet 5' coated with a suitable protective layer but 
no ferromagnetic arm. The upper end of protective cover T is provided with a 
gripping portion 3' with two flanges which enables the easy control of the device in 
30 automatic separation or analysis devices, for instance. The proportion of the length 
of the magnet to the diameter is about 7:1. The tip of the cover is shaped like a 
relatively blunt cone (the height of the cone being about 1/3 of its width). 

Fig. 5 presents the separation of pardcles from a relatively narrow vessel compared 
35 with the separation rod (the inner diameter of the vessel is about 70 % of the 
diameter of the rod) and from a relatively small amount of liquid. Lower line 1 1 
presents the free surface of liquid and upper line 12 the surface of hquid when the 
separation means is pushed into the liquid. Magnetic particles are accumulated at 
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the tip of the protective cover to form mass 10 which can be released back into a 
relatively small amount of liquid (Fig. 6). 

The means of Fig. 5 and 6 is well-adapted to be used in the wells of microtitration 
plates with diameters ofabout 7 mm. i ™«ouirauon 
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CLAIMS 

1 . A means for separating magnetic particles from a composition, characterised in 
comprising: 

5 - an elongated protective cover ( 1 ; T) with an upper end and a lower end, 

- the protective cover comprising a recess (2) extending from the upper end towards 
the loNver end thereof, 

- the recess comprising a movable magnetic rod (4; 4') extending in the longitudinal 
direction of the recess, the proportion of the length of the rod to its thickness is at 

1 0 least about 2:1, preferably at least about 3:1. 

2. A means according to Claim 1, characterised in that the magnetic rod (4) 
comprises a magnet (S) at the lower end thereof and a ferromagnetic arm (6) 
attached to the upper end of the magnet. 

15 

3. A means according to Claim I or 2, characterised in that the proportion of the 
length of the magnetic rod (4) to its thickness is at least about 12:1. 

4. A means according to Claim 2 or 3, characterised in that the upper end of the 
20 magnet (S) and the lower end of the arm (6) are inside one another. 

5. A method for separating magnetic particles from a composition containing them, 
characterised in that a separation means is pushed into the composition, comprising 
an elongated protective cover (1; T) with an upper end and a lower end, the 

25 protective cover comprising a recess (2) extending from the upper end towards the 
lower end, the recess comprising a movable magnetic rod (4; 4') extending in the 
longitudinal direction of the recess, the proportion of the length of the rod to its 
thickness being at least about 2:1, preferably at least about 3: 1. 

30 6. A method according to Claim 5, characterised in that the separation means is 
pushed into the composition so that the upper end of the magnetic rod remains 
above the surface of the composition. 
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Fig. 1 
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Fig. 3 
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Fig. 5 6 



